Summary Individuals with HIV are at increased risk for osteoporosis and fracture. Using the Health Beliefs Model, we identified key relationships between knowledge, self-efficacy and health beliefs pertaining to physical activity and dietary calcium intake, two key modifiable preventive measures for osteoporosis.
Background
Osteoporosis causes almost 9 million fractures worldwide each year, accounting for considerable costs to health care systems, and contributing to substantial disability and mortality for individuals [1] [2] [3] . Patients with human immunodeficiency virus (HIV) are increasingly recognized as a population at high risk for bone loss both due to viral factors as well as the direct deleterious impact of antiretroviral therapy (ART) on bone [4] . Several population-based studies have now demonstrated an increased risk of osteoporosis and fracture in this population ranging from 1.2 to 6.2 times that of people living without HIV [5] [6] [7] , regardless of sex or age group [8] .
Despite an increasing number of studies illuminating the biology underlying bone loss in patients living with HIV, few studies have systematically explored concerns related to osteoporosis prevention in this population. Previous studies, conducted in diverse populations without HIV, have applied the Health Belief Model (HBM) to classify factors associated with health behaviors that mitigate risks of osteoporosis, particularly physical exercise and dietary intake [9] . The key domains of the HBM include perceived susceptibility to and severity of a particular disease, perceived benefits and barriers of specific preventive behaviors, and environmental or internal cues to action [10] . The concept of self-efficacy, defined as "the conviction that one can successfully execute the behavior required to produce the outcomes," [11] has been incorporated into the model as a critical component of an individual's ability to maintain long-term change [12] . Several validated scales exist for measuring HBM domains in the context of osteoporosis including the Osteoporosis Knowledge Test (OKT), Osteoporosis Self-Efficacy Scale (OSES), and Osteoporosis Health Belief Scale (OHBS) [13] . These scales have been utilized in descriptive and intervention studies involving a wide range of populations spanning college-aged students to older women and men in various countries [14] [15] [16] [17] [18] [19] [20] [21] . Only a few of these studies have focused on patients with chronic conditions or treatment regimens that place them at risk for secondary osteoporosis [22] [23] [24] . No studies to date have applied the HBM framework to study the role of knowledge, self-efficacy, and health beliefs in osteoporosis-related preventive behaviors among patients with HIV taking ART.
To address this gap, we sought to examine the associations between osteoporosis-related preventive health behavior (i.e., physical exercise and dietary intake) and knowledge, selfefficacy and health beliefs among a large cohort of patients with HIV. We conducted this study in China, an ideal setting for this examination because access to ART has risen exponentially over the past decade [25] , coinciding with a rapid growth in fragility fracture rates among the general population attributed to the country's demographic and economic transition [26] . As well, prior studies in the general population in China have consistently found low levels of knowledge regarding osteoporosis and insufficient levels of dietary calcium intake [24, [27] [28] [29] . Findings from this study may be useful in identifying opportunities for improved primary prevention efforts as part of a strategy to decrease risk of bone loss in this vulnerable population.
Methodology

Study design and sampling
We conducted a cross-sectional study with participants from an ongoing multi-center randomized controlled trial (RCT) carried out in 12 HIV-care centers from eight cities across China: Beijing, Shanghai, Zhengzhou, Fuzhou, Guangzhou, Shenzhen, Xi'an, and Yunnan (ClinicalTrials.gov identifier: NCT00872417). Details of the original RCT have been described previously [30] . In brief, between January and November 2009, a group of 517 treatment-naïve men and women with confirmed HIV infection and CD4 + cell count less than 350 cells/mm 3 were enrolled and randomized to receive one of three ART regimens to compare the long-term safety and efficacy of these regimens. Demographic and clinical data were collected for all participants at baseline, and follow up clinical and laboratory evaluations were performed at weeks 4, 12, and every 12 weeks thereafter.
All individuals still actively participating in the original RCT as of January 1, 2013 were deemed eligible for inclusion in the present study. Three sites were not able to accommodate the study procedures during the recruitment period and were therefore excluded (Xi'an, Shanghai, and Zhengzhou). A total of 297 participants from the remaining nine sites were eligible and approached for participation. In each site, all patients were invited by the local study coordinator to participate in the study during their routine follow-up visits for the RCT. All willing participants provided written informed consent. This sub-study was reviewed and approved by the ethics committees of Peking Union Medical College Hospital (PUMCH) as well as Yale School of Medicine.
Data collection and measures
We collected data from 1/10/2013 to 7/17/2013 using a selfadministered questionnaire, except in cases of patients who were illiterate, to whom the questionnaire was read by a trained, local study coordinator. Whenever possible, previously validated Mandarin-language sources were used as detailed below. To pre-test the instrument, we distributed the preliminary version of the questionnaire to ten patients living with HIV presenting for routine care at the PUMCH HIV/AIDS Center for Treatment and Diagnosis in August 2012 and used cognitive interviewing methods [31] to assess the instrument for ease of use, clarity of questions, and consistency of answers. In addition, three staff members (nurses and physicians) from the PUMCH HIV clinic reviewed the questionnaire for comprehensibility and scope, after which the questionnaire was refined and finalized.
Outcomes
Physical activity We used the short-format version (seven items) of the International Physical Activity Questionnaire (IPAQ), a tool originally developed for obtaining internationally comparable estimates of physical activity [32] . It has been validated in multiple languages, including Mandarin [33] , and asks participants to recall the amount of time spent in the past seven days on vigorous-intensity activity, moderate-intensity activity, walking, and sitting. Answers for each activity category are weighted to calculate a total weekly metabolic equivalent of tasks (MET) score in minutes to determine the total energy cost of the participants' activities in the past week. Based on the IPAQ recommended cut-off values, [34] each participant's scores are further categorized into low, moderate, and high levels of physical activity.
Dietary intake Participants were presented with six food categories, adapted from a food frequency questionnaire developed by the Chinese Center for Disease Control Nutrition Department: dairy products, soy products, leafy green vegetables, nuts, seafood, and vitamin D rich products. Example food items were provided for each category. Using a Likerttype scale, patients were asked to indicate the frequency with which they consume foods from each category (1 = never in past year, 2 = once a year, 3 = few times a year, 4 = once a month, 5 = few times a month, 6 = once a week, 7 = few times a week, 9 = few times a day, 9 = once a day). A Total Intake Score was calculated for each participant by summing the responses for all six categories (range: 6-54).
Independent variables
Knowledge To measure knowledge, we utilized the validated Mandarin-language Osteoporosis Knowledge Test (OKT) [27] which was translated and culturally adapted from the original OKT [13] . The first 11 questions presented participants with a list of characteristics and asked whether the items are more or less likely to affect a person's chance of getting osteoporosis. The next seven questions explore knowledge regarding the relationship between exercise and osteoporosis. The last eight questions test knowledge regarding the relationship between calcium intake and osteoporosis. The number of correct responses to the first 11 questions summed with the number of correct responses to the seven exercise-related questions yields the Exercise Score (range: 0-18). The number of correct responses to the first 11 questions added to the number of correct responses to the 8 calcium-related questions yields the Calcium Score (range: 0-19). The sum of correct responses to all three sections of the test produces the Total Score (range: 0-26). Cronbach's alpha coefficients for the three scales ranged from 0.83 to 0.87 [27] . In our study, participants were considered to have low knowledge if Exercise Score < 9, Calcium Score <9.5, and Total Score <13, and considered to have high knowledge if Exercise Score ≥ 9, Calcium Score ≥ 9.5, and Total Score ≥ 13.
Self-efficacy We used the 12-item scale Osteoporosis SelfEfficacy Scale (OSES) to measure confidence for adopting behavior change regarding calcium intake (6 items) and exercise (6 items). The English-language version [35] was translated into Mandarin and validated by Chen and Liu [36] . Participants are asked, "If it were recommended that you do any of the following THIS WEEK, how confident or certain would you be that you could:" and then presented with a list of examples such as: "Do exercises even if they are difficult" and "Obtain foods that give an adequate amount of calcium even when they are not readily available." Participants then respond on a 10-point Likert-type scale of 0 to 10 (0 = not confident at all, 10 = very confident). For each participant, an Exercise Score is calculated by averaging the responses to the 6 exercise-related items and multiplying by 10, and a Calcium Score is derived by averaging the responses to the 6 calciumrelated items and multiplying by 10 (range: 0-100). Cronbach's alpha coefficients ranged from 0.90 to 0.94 [36] . In our study, we grouped self-efficacy scores into the following categories: low (Score of 0-25), moderately low (Score of 26-50), moderately high (Score of 51-75) and high (Score of 76-100).
Health beliefs We used the Osteoporosis Health Beliefs Scale (OHBS), which was originally developed by Kim, et al [37] , and has been translated into Mandarin, adapted, and validated by Chen, et al. in a Chinese population [38] . The scale includes 42 items divided into seven domains: perceived susceptibility to osteoporosis, perceived seriousness of osteoporosis, perceived benefits of exercise and calcium intake, perceived barriers to exercise and calcium intake, and health motivation. Each question is graded on a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). The responses to questions within each domain are summed to yield a score for that domain ranging from 6 to 30. Cronbach's alpha coefficients ranged from 0.68 to 0.85 [38] . For each health beliefs domain, we categorized participants' scores into the following categories: low (score of 6-11), moderately low (score of 12-16), neutral (score of 17-19) moderately high (score of [20] [21] [22] [23] [24] and high (score of [25] [26] [27] [28] [29] [30] .
Sociodemographic and clinical characteristics Background information was collected regarding: personal characteristics including age, sex, ethnicity (Han vs. Chinese ethnic minority), education level (less than high school vs. high school and beyond), occupation (manual labor: farmer or laborer vs. non-manual labor: civil servant, self-employed, service profession, unemployed, student, other); HIV-related factors such as baseline viral load, CD4 + cell count, route of infection (sexual, blood-borne vs. other), time since diagnosis; and fracture-associated risk factors, including BMI, smoking history (ever vs. never), current alcohol use (yes or no), history of a fall within the last year (yes or no), parental history of fracture (yes, no, or don't know), personal history of prior fracture (yes or no), prior bone density test (yes or no) and current calcium or vitamin D supplement use (yes or no).
Data analysis
We described the sample characteristics and outcomes using standard frequency analyses and examined differences between men and women in these factors using t-tests, Wilcoxon Rank Sum, and χ 2 tests, as appropriate. We also described the prevalence of our measures of knowledge, self-efficacy, and health beliefs for the entire sample, and evaluated differences sex, age group (20-39 vs. ≥ 40 years), BMI (underweight, normal, or overweight/obese), education level (less than high school vs. high school or beyond), and baseline CD4 + cell count (<200 vs. ≥ 200 cells/mm 3 ) using t-tests and one-way analysis of variance.
We estimated both unadjusted and adjusted logistic regression models to examine the associations between each of our independent variables (measures of knowledge, self-efficacy, health beliefs, and sociodemographic and clinical characteristics) and each of the two outcomes (Physical Activity and Dietary Intake). Because we were interested in factors associated with the lowest engagement in preventive behaviors, we dichotomized Physical Activity into low activity (participants in low IPAQ Category) versus high activity (participants in moderate and high IPAQ Categories), and Dietary Intake into low intake (lowest tertile of Total Intake Score) and high intake (upper two tertiles of Total Intake Score).
Before estimating the multivariable model, we assessed for possible multicollinearity of the independent variables. Variables with a very high correlation coefficient (r > 0.40) were deemed collinear. Based on these tests, we excluded perceived benefits of exercise from the candidate independent variables for Physical Activity in order to retain knowledge regarding exercise and health motivation. We similarly excluded perceived benefits of dietary calcium intake and health motivation from the candidate independent variables for dietary intake in order to retain knowledge and self-efficacy regarding dietary calcium intake, respectively. With the remaining variables, we fit the multivariable model using backward regression [39] beginning with all variables that were hypothesized to be related to preventive behaviors and/or that were significant (p-value < 0.10) in the unadjusted analyses. To attain a parsimonious model, we removed non-significant variables one at a time beginning with the least significant; in each step, remaining parameter estimates remained largely unchanged (<20 %). We retained age, sex, and BMI in all models regardless of their significance. Results were reported as unadjusted and adjusted odds ratios with 95 % confidence intervals. For the knowledge, self-efficacy, and health beliefs scales, the odds ratios were calculated based a one unit change within the respective scale. All statistical analyses were performed using Stata Intercooled 13 (StataCorp, College Station, TX).
Results
Characteristics of Sample
A total of 263 out of 297 (88.6 %) potentially eligible participants enrolled in this study. Our sample did not differ significantly from the original RCT cohort in terms of baseline variables such as age, education level, and gender distribution. The participants had a mean age of 38.4±9.8 years, average BMI of 21.6±2.6 kg/m 2 , and 76 % were men (Table 1) . Men were more highly educated (p<0.001), had lower median CD4 + cell counts at the time of HIV diagnosis (p=0.016) and were more likely to report ever smoking (p<0.001) and current alcohol use (p=0.022). Only 14 patients (5.4 %) from 3 sites reported ever having a bone density test. About 30 % of the sample reported low physical activity, and this did not vary significantly by sex. The mean scores for dietary intake indicate consumption from each of the food categories ranged between multiple times per month to weekly, depending on the category. Only consumption of leafy green vegetables differed significantly by sex, with women consuming more of this food than men.
Knowledge, self-efficacy and health beliefs Average total knowledge score was low (9.4±4.7 out of 26) for our cohort (Table 2) , and lower education was associated with lower knowledge scores for all items. Overall selfefficacy scores were moderately high with significantly higher self-efficacy scores for calcium intake than physical activity (72.1±23.6 v. 62.1±26.6, p<0.001), a difference that was seen across all subgroups of age, sex, BMI, education level, and baseline CD4 + count. Regarding the seven OHBS domains, we found moderately low perception of susceptibility (16.0±4.2), barriers to exercise (16.2±4.1) and barriers to dietary calcium intake (16.3±3.8). Participants felt neutral regarding the seriousness of osteoporosis (18.5±4.0), and reported moderately high perceived benefits to exercise (22.5 ± 4.1) and calcium intake (21.8 ± 3.6), and health motivation (22.7±3.6). Women perceived slightly greater barriers to exercise and calcium intake compared with men and individuals with lower education levels perceived fewer benefits to exercise, and greater barriers to exercise and calcium intake ( Table 2) .
Associations between physical activity and knowledge, self-efficacy and health beliefs
In the unadjusted analysis, higher levels of physical activity were significantly associated with greater self-efficacy related to exercise (p=0.002), greater perceived benefits of exercise (p=0.012), lower perceived barriers to exercise (p=0.011), greater health motivation (p=0.002), lower education (p= 0.024), and higher likelihood of manual labor versus nonmanual labor occupation (p=0.002; Table 3 ). In the multivariable model, higher levels of physical activity remained significantly associated with fewer perceived barriers to exercise (p=0.010), greater health motivation (p=0.001), and increased likelihood of manual labor versus non-manual labor occupation (p=0.028).
Associations between dietary intake and knowledge, self-efficacy and health beliefs
In unadjusted analysis, higher levels of dietary intake were significantly associated with greater knowledge (p<0.001) and self-efficacy (p<0.001) regarding calcium intake, lower perceived seriousness of osteoporosis (p=0.024), greater perceived benefits (p=0.005) and lower perceived barriers to calcium intake (p<0.001), greater health motivation (p= 0.003), and use of calcium or vitamin D supplements (p= 0.037; Table 3 ). In the multivariate model, higher levels of dietary intake remained significantly associated with greater knowledge (p=0.001) and self-efficacy (p=0.001) regarding calcium intake, as well as lower perceived seriousness of osteoporosis (p=0.027).
Discussion
In this study of Chinese patients with HIV, participants demonstrated universally low levels of knowledge regarding osteoporosis and the role of physical activity and dietary calcium intake in preventing osteoporosis. We found that higher levels of self-efficacy correlated with higher levels of engagement in preventive behaviors, and that individuals with lower levels of education perceived greater barriers to adopting preventive behaviors. To our knowledge, this is the first study to explore the relationships between behavioral factors related to osteoporosis and key modifiable preventive health behaviors in patients with HIV. Our findings are consistent with prior studies from China and Hong Kong demonstrating low levels of knowledge regarding osteoporosis among Chinese men and women across different age groups [15, 19, 20, 24, 27, 40] . As in previous studies, knowledge scores in our cohort were directly correlated with education levels [27, 41] , however even among participants with higher education levels in our cohort, mean knowledge scores were still lower than that reported among most studies from the U.S., Canada and New Zealand that were conducted primarily among Caucasian cohorts [14, [16] [17] [18] [19] 42] . It is not clear whether this lack of knowledge is related to low prioritization of osteoporosis among other health conditions in China, or inaccurate or ineffective dissemination of information regarding osteoporosis-related risk factors and preventive measures. Although knowledge can inform behaviors, extensive work surrounding the concept of self-efficacy has demonstrated that expectations regarding one's own competence to perform a given behavior play a pivotal role in the actual adoption and/or maintenance of that behavior [43] . The moderately high self-efficacy scores reported by our participants paralleled levels found among other populations within China and in other countries [24, 16, 36, 44] . In addition, other studies have also found somewhat higher self-efficacy scores related to dietary calcium intake than exercise [13, 36, 44] , perhaps reflecting a greater degree of confidence regarding changing dietary habits compared with exercise behaviors. Wallace et al., examined self-efficacy and health beliefs among college-age women and found clear correlations between higher self-efficacy scores and higher levels of both physical activity and calcium intake [45] . In terms of interventions however, the few studies that have measured change in self-efficacy before and after osteoporosis educational programs have shown that interventions solely aimed at increasing knowledge do not show improvement in selfefficacy scores [46] . Rather, targeted and interactive content focusing on empowering patients to change behavior has yielded better results [24, 47] . Because individuals least engaged in preventive behaviors also appear to be those with lowest self-efficacy, the importance of attention to increasing confidence and competence surrounding these behaviors cannot be overlooked. In addition to evaluating knowledge and self-efficacy, understanding the osteoporosis-related health beliefs of an individual can help guide development of more effective interventions by indicating how primed an individual is for change(susceptibility, seriousness, and health motivation), and what paths to change may be most feasible (perceived benefits and barriers to behavior) [48] . Studies have shown that bone loss in the setting of HIV is multifactorial, including factors related to HIV viral infection itself, increased prevalence of traditional risk factors for osteoporosis (e.g. tobacco use, sedentary lifestyle, poor nutrition leading to low weight, low vitamin D, and hypogonadism), as well as ART-related factors [4] . However, not only do patients with HIV lack awareness of their increased susceptibility to osteoporosis, but they are faced with prioritizing preventive health concerns relative to the stability of their primary condition.
Similar to other individuals who are at risk for secondary osteoporosis, individuals living with HIV tend to differ demographically from those targeted by traditional health campaigns regarding osteoporosis, which largely focus on postmenopausal women. Therefore the preventive messages conveyed through these channels are unlikely to reach patients living with HIV. Instead, tailored programs need to be developed that take into account the younger age range, lifestyle differences, and other quality of life concerns of this population. Interestingly, in our study, low dietary calcium intake was associated with higher perceived seriousness of osteoporosis, which on the surface appears contradictory. However, low dietary calcium intake was also associated with lower knowledge and self-efficacy scores regarding dietary calcium intake, highlighting a fundamental lack of knowledge and empowerment among this subgroup regarding dietary methods for mitigating osteoporosis risk. As a result, these individuals may actually perceive osteoporosis as more serious relative to individuals who are more knowledgeable and feel more empowered in this regard. Our findings therefore suggest that interventions aimed at improving dietary intake behaviors among patients with HIV would benefit from components focused on improving knowledge and self-efficacy. Finally, our data suggest that exercise related interventions should focus on identifying patients who work in more sedentary professions or have low health motivation, as well as assessing perceived barriers to exercise among this group and providing mechanisms to enable patients to overcome those barriers.
Our study has some important limitations. First, our specific findings are not generalizable to individuals living with HIV outside of China due to the cultural nuances and environmental factors that influence the results. However, all studies hoping to inform behavioral interventions require direct input from the specific target population. Therefore our overarching goal was not to suggest our findings would translate to all populations with HIV, but rather to demonstrate the richness, relevance, and utility of employing a behavioral approach to osteoporosis prevention for populations with HIV utilizing a well-established theoretical model and validated tools. Second, our cohort included only patients who have been participating in a randomized clinical trial since 2009. Therefore, their perceptions and health behaviors are not representative of all Chinese individuals with HIV. However we feel that this cohort is clinically relevant to the objectives of this study because of the increased risk for bone disease associated with continuous ART. In addition, patients who have established care providers and well controlled HIV are in a position to maximally engage in preventive health interventions and therefore understanding how to best tailor such an intervention to this population is a critical first step in addressing osteoporosis and fracture risk. Finally, lack of uniform access to dual-energy x-ray absorptiometry machines limited our ability to measure bone density as an outcome in this study, and we did not have a large enough sample to measure rates of fracture. However, because physical activity and dietary calcium and vitamin D intake are low-cost and modifiable behaviors that form the cornerstone of prevention efforts for osteoporosis, they are highly important outcomes to examine in the context of resource-limited settings.
In summary, as the number of individuals with HIV on ART continues to increase world-wide, refining the approach to primary prevention of osteoporosis in this population is increasingly important. Behavioral frameworks such as the HBM can provide important insight into how to promote adoption and maintenance of osteoporosis-related preventive behaviors among individuals with HIV. Applying these concepts in a population of Chinese individuals with HIV at high risk for bone loss, we identified key relationships between knowledge, self-efficacy and health beliefs pertaining to physical activity and dietary calcium intake, two key modifiable preventive measures for osteoporosis. Targeted educational efforts are needed to increase knowledge specific to the effects of HIV on bone and prevention measures, coupled with strategies to increase self-efficacy for adopting preventive behaviors. Methods to identify patients who may have more challenges adopting behavioral interventions (e.g. sedentary occupation, low dietary calcium intake, high perceived barriers) should be incorporated. Finally, further research is needed to elucidate the specific nature of the barriers to osteoporosis preventive measures perceived by patients with HIV, competing primary care concerns for patients and providers, gaps between patient and provider perceptions regarding osteoporosis knowledge and health behavior, and ultimately, feasibility and efficacy of targeted behavioral interventions.
